ABSTRACT. Characidae is the largest and more diversified family from Characiformes and presents several classification problems, with several genera currently allocated as incertae sedis, such as the genus Hemigrammus. The upper Paraná river floodplain is an environment with high fish diversity. There is at least one species of Hemigrammus, however there are divergences among some authors about the number and the identification of the species from this genus. Therefore the goal of this study was to characterize, using a molecular approach, individuals of Hemigrammus from the upper Paraná river floodplain and to compare them with individuals from the type locality of Hemigrammus marginatus, since this is the only species distributed in this floodplain. For this, the DNA was extracted and a partial region from the mitochondrial genes ATPase 6 and ATPase 8 were amplified and sequenced. The results evidenced the existence of two species of Hemigrammus in the floodplain, although impossible to be distinguished only through morphological traits. High nucleotide diversity among individuals from the upper Paraná river in relation to those from the type locality was also observed, indicating that both species of Hemigrammus present in the upper Paraná river floodplain are not Hemigrammus marginatus.
Introduction
The order Characiformes is one of the largest group of freshwater fish worldwide including 18 families, about 270 genera and at least 1,674 species (NELSON, 2006) . These organisms present a wide diversity of forms, inhabiting in various types of aquatic environments. Characidae is the largest and more diversified family, with 12 subfamilies, 16 genera and more than 962 species (NELSON, 2006) . From the 165 genera, 88 are allocated as incertae sedis (LIMA et al., 2003) . Great part of these genera belonged to the subfamily Tetragonopterinae, originally proposed by Günther (1864) . The genera incertae sedis within Characidae comprise about 620 species, 43 from the genus Hemigrammus, Gill, 1858 (LIMA et al., 2003 .
Among the species of Hemigrammus, H. marginatus Ellis, 1911 presents wide geographical distribution and is found in the watershed of the rivers São Francisco, Itapicuru (type locality), Paraná, Paraguai, Guaporé, Amazonas and Orinoco (LIMA et al., 2003) . The Acta Scientiarum. Biological Sciences Maringá, v. 34, n. 3, p. 303-309, July-Sept., 2012
taxonomy of the genus Hemigrammus from the upper Paraná river is problematic, both regarding the number of species as the identification. According to Agostinho et al. (1997 Agostinho et al. ( , 2004 The DNA polymorphism, resulting from mutation and recombination that may accumulate due to geographical and reproductive isolation, associated to morphological and ecological studies have assisted the recognition of the genetic and ecological diversity and the evolutionary process in different taxonomic groups. This approach reveals the evolutionary path from several species, establishing kinship levels and mapping genetic traits from each group.
In the last decades, mainly with the advent of PCR (Polymerase Chain Reaction), studies using molecular markers led the population genetics to achieve a huge impact on biology (SUNNUCKS, 2000) . The molecular markers also aid the systematic of fishes (PRIOLI et al., 2002) . For the studies concerning the speciation and population differentiation, the analyses of mitochondrial DNA sequences (mtDNA) are an excellent starting point (AVISE, 2004) .
The mitochondrial genes ATPase 6 and ATPase 8 have as characteristic the ability to accumulate nucleotide substitutions that allow detecting genetic variations between species, or even between populations from a same species (BERMINGHAM; MARTIN, 1998; MACHORDON; DOADRIO, 2001; PERDICES; DOADRIO, 2001; WONG et al, 2004) . Despite being a coding region, the rate of nucleotide substitution of the region that comprises these genes is comparable or even superior in some cases to the control region (D-loop), considered the most variable portion of the mtDNA (FROUFE et al., 2005; FAULKS et al., 2008) .
The recognition of cryptic species is one of the significant applications of molecular markers (SOLÉ-CAVA, 2001 ). Therefore, molecular analyses, comparing the populations from the type locality with other watersheds, may provide important information to solve taxonomical problems. In this way, the present study compared, using molecular techniques, individuals of Hemigrammus cf. marginatus from the type locality with individuals from the upper Paraná river floodplain, in order to assist the correct identification of this species.
Material and methods
For this study, we collected 11 specimens of Hemigrammus sp. in the upper Paraná river floodplain, near Porto Rico, Paraná State (22°45'S and 53°30'W), and two specimens of H. marginatus in Itapicuru river, Bahia State (between 10°30'S and 11°05'S and 40°08'W and 40°30'W (Figure 1 ). The individuals were preserved in alcohol 96% until DNA extraction. Total DNA was extracted based on the phenolchloroform method, according to Sambrook et al. (1989) , with some modifications. After the extraction, the DNA was quantified in 0.8% agarose gel, compared with the ë phage DNA with known concentration. The DNA samples, after extraction, were stored in a freezer -20ºC.
The genes ATPase 6 and ATPase 8 and the part of the genes tRNA Lys and COIII were amplified via PCR with the same amplification conditions proposed by Prioli et al. (2002 (Invitrogen) . The pair of primers used for the amplification was the L8331 (5'-AAAGCRTYRGCCTTTTAAGC-3') and H9236 (5'-GTTAGTGGTCAKGGGCTTGGRTC-3').
After the amplification, the fragment was again amplified with the primer L8331 for the sequencing reaction. Approximately 50 ng of DNA from each reaction were directly used in sequencing reactions using MegaBace automatic sequencer (Amersham), according to manufacturer instructions.
The sequences were aligned using Clustal W program (THOMPSON et al., 1994) and edited with the program Bioedit (HALL, 1999) . From the comparisons between the pairs, we accomplished the phylogenetic analyses. The choice of the evolutionary model, using the procedures Akaike Information Criterion corrected (AICc) and Bayesian Information Criterion (BIC), was performed with the programs Paup 4.0b4 (SWOFFORD, 2002) and Modeltest 3.0 (POSADA; CRANDALL, 1998). The molecular index (F st ) was calculated using the program Arlequin 3.11 (EXCOFFIER et al., 2005) . The nucleotide diversity matrix and the dendrograms Neighbor-Joining and Maximum Likelihood were made with the program Paup 4.0b4. The Bayesian dendrogram was undertaken with 300,000 generations with the program Mr. Bayes 3.0 (HUELSENBECK; RONQUIST, 2001 ). The dispersal graph at main coordinates was built from the eigenvectors, after the Lingoes correction, with the Statistica 7.1 software.
In order to expand the evaluation of the degree of nucleotide diversity found between the groups studied here, we selected all the partial sequences of the genes ATPase 6 and ATPase 8 for the Characiformes genera, which present sequences of at least two species available at GenBank. We calculated the nucleotide diversity among the species from a same genus, with the same evolutionary model and the same sequence of the partial genes ATPase 6 and ATPase 8 used in the analyses for Hemigrammus. The Statistica 7.1 software was employed to generate the bars graphic with the mean values of nucleotide diversity of the species obtained at GenBank and the specimens of Hemigrammus.
Results
The amplification of the partial sequence of the genes ATPase 6 and ATPase 8 produced a fragment with approximately 1,000 base pairs (bp The mean values of nucleotide diversity from the three groups of Hemigrammus and the species obtained at GenBank are represented in the The dispersal graph at main coordinates, built with the two major eigenvectors, also evidenced the existence of the same three groups of Hemigrammus ( Figure 5 ). 
Discussion
Numerous studies were already made, using the genes ATPase 6 and ATPase 8 with fish at different taxonomical level, with different approaches. At lower taxonomic levels, with closer phylogenetic relationships, such as populations from a same species, subspecies or species complex, the values of nucleotide diversity ranges from 0.002 to 0.054 (FAULKS et al., 2008; KINZIGER et al., 2007; MACHORDON; DOADRIO, 2001; PERDICES; DOADRIO, 2001; SIVASUNDAR et al., 2001) . Among species of a same genus, the values observed in literature are between 0.015 and 0.13 (PERDICES; DOADRIO, 2001; MACHORDON; DOADRIO, 2001; SIVASUNDAR et al., 2001; FROUFE et al., 2005; REID; WILSON, 2006) . For higher taxonomic levels, e.g., between species of different genera, the values of genetic diversity are also greater, varying between 0.062 and 0.16 (SIVASUNDAR et al., 2001; FROUFE et al., 2005) .
Comparing the nucleotide diversity between the species of Hemigrammus examined in the present study and the species of Characiformes obtained at Genbank, it was possible to observe that the mean diversity of Hemigrammus (0.091) is the second highest, only smaller than between Brycon species (Figure 2 ). This result indicates that the diversity registered among the individuals of Hemigrammus is in accordance to the diversity found among different species of Characiformes. Among the five species of Brycon, the values of nucleotide diversity ranged from 0.015 to 0.155. For two species of Bryconamericus the value was 0.056. With five species of Roeboides, the values were at least 0.010 and at most 0.128. Among four species of Prochilodus the values varied between 0.015 and 0.051.
The values obtained for the groups of Hemigrammus in the present study were 0.066 between the two groups from the upper Paraná river and 0.097, and 0.11 between H. marginatus and Hemigrammus sp.1, and Hemigrammus sp.2, respectively. Based on the comparisons performed both with published studies as with the sequences available at GenBank, the values obtained for Hemigrammus are quite superior to those found among individuals within a species, subspecies or species complex, and below those established among species of different genera, but consistent with the values between different species of a same genus. Therefore, the obtained values indicate that the three groups observed in this study represent three distinct species from a same genus.
The type locality of H. marginatus is the Itapicuru river, thus, the two specimens taken in this river must be identified as H. marginatus. In this way, we did not register any exemplar of H. marginatus in the upper Paraná river. As expected, the two groups found at the upper Paraná river are of the genus Hemigrammus, but certainly they are not H. marginatus. This result is in accordance to those obtained by Portela-Castro and Júlio Junior. (2002) that suspected that specimens of Hemigrammus from the upper Paraná river would not be H. marginatus.
Since it was not possible to identify the exemplars from the upper Paraná river, they were classified as Hemigrammus sp.1 and Hemigrammus sp.2. Although H. parana is exclusive from the influence area of the Ilha Solteira reservoir, upper Paraná river, according to Marinho et al. (2008) , we should not reject the hypothesis that one of the two species found at the upper Paraná river floodplain is H. parana. Further surveys, with new sampling areas must be accomplished in order to test this hypothesis and to determine the geographical distribution of species of Hemigrammus identified for the upper Paraná river floodplain.
Conclusion
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fish, including when only morphological traits are not enough for the correct identification. Meanwhile the use of molecular markers without the help of taxonomy is not enough to understand the biological diversity. In this way, the results indicate the need of taxonomic researches for the genus Hemigrammus in the upper Paraná river floodplain. The upper Paraná river floodplain is an environment with high biological diversity. However, the present study indicated that this diversity is still underestimated, probably due to the high degree of spatial complexity of this ecosystem. The identification of new species, including endemic ones, emphasizes the importance of this ecosystem as a priority area in the conservation of Neotropical biodiversity.
